. X-ray reflection (XRR) interference patterns of various TiO2 thin films deposited on glass.
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Description of MIS-CELIV measurements and sample preparation
Surface recombination velocity SR of holes at the FTO/TiO2 contact was measured in hole only diodes with device structure FTO/TiO2/P3HT/Au using the MIS-CELIV technique, which stands for charge extraction by linearly increasing voltage in a metal-insulator-semiconductor structure [1] . In these model devices, holes are injected from the Au top contact through the semiconducting P3HT layer by a steady-state offset voltage Voff applied in forward bias. The injected holes are blocked at the hole blocking TiO2 layer and a charge reservoir is formed at the TiO2 contact. Subsequently, a linearly increasing voltage pulse is applied in reverse bias of the diode in order to extract the injected hole reservoir. The measured current transient j(t) is given by the sum of the displacement current from the geometric capacitance of the device j0 and a time dependent linearly increasing extraction current Δj(t). The extracted charge Qextr can be determined by integrating the extraction current
where textr is the time when all injected carriers have been extracted and JD is the injected dark current density. The surface recombination velocity of holes SR can be determined from the extracted charge Qextr and the measured steady state dark current JD(Voff) at the applied Voff according to
where is the relative dielectric constant of P3HT (≈ 3), is the vacuum permittivity, k is the Boltzmann constant, T is the temperature and q is the elementary charge [1] .
A lower SR value means that the TiO2 layer is blocking holes more efficiently. Here, the SR value can therefore be interpreted as a measure of how well the TiO2 layer prevents the P3HT layer from getting in contact with the FTO substrate, as FTO is not hole blocking. In other words, more intentional pinholes is expected to result in a higher surface recombination velocity. The measured CELIV current transients are shown in Figure S3 and calculated surface recombination velocities are plotted in Figure  S4 . The SR values saturate to a constant value in the correct measurement regime at higher Voff, clearly larger than Vbi, when a large reservoir is accumulated at the TiO2 layer.
Samples for SR measurements were made on FTO glass substrates dipcoated with the dip coating solutions listed in Table 1 . Spin coating was performed in a nitrogen-filled glove box, using a 40 mg/mL P3HT solution in chlorobenzene, at 1000 rpm for 1 minute and 30 seconds to yield a film thickness of around 300 nm. After spin coating the samples were annealed at 120 °C for around 10 minutes. Finally, 60 nm gold was evaporated on top. Measurements were conducted using a pulse generator (SRS model DG 535) and a function generator (SRS model DS345) for applying the offset voltage and the linearly increasing extraction voltage pulse. An oscilloscope (Tektronix TDS 680B) was used for recording the transient current response. The setup was controlled from a computer using a LabVIEW program.
For the measurements, a voltage rise speed of A = 3 V/ 10 ms was used. Samples were measured at varying applied offset voltage from 0 V to -1.4 V. 
